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Radiological science and nuclear technology have made great strides in the
twenty-first century, with wide-ranging applications in various fields, including
energy, medicine, and industry. However, those developments have been
accompanied by the inherent risks of exposure to nuclear radiation, which is
a source of concern owing to its potentially adverse effects on human health
and safety and which is of particular relevance to medical personnel who may
be exposed to certain cancers associated with low-dose radiation in their
working environment. While medical radiation workers have seen a decrease in
their occupational exposure since the 1950s thanks to improved measures for
radiation protection, a concerning lack of understanding and awareness persists
among medical professionals regarding these potential hazards and the required
safety precautions. This issue is further compounded by insufficient capabilities
in emergency response. This highlights the urgent need to strengthen radiation
safety education and training to ensure the well-being of medical staff who play
a critical role in radiological and nuclear emergencies. This review examines the
health hazards of nuclear radiation to healthcare workers and the awareness and
willingness and education of healthcare workers on radiation protection, calling
for improved training programs and emergency response skills to mitigate the
risks of radiation exposure in the occupational environment, providing a catalyst
for future enhancement of radiation safety protocols and fostering of a culture
of safety in the medical community.
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1 Introduction

Over the past century, there has been a swift advancement in the field of radiological
sciences and nuclear technologies, leading to their extensive utilization in various societal
aspects. While reaping the advantages of employing these technologies in energy generation,
radiological healthcare, and various sectors, we are also vulnerable to dangers arising from
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radioactivity and nuclear mishaps (1). The concept of nuclear
radiation, which involves particles or electromagnetic waves emitted
by radioactive substances, has been a great concern due to its
significant impact on human health and safety (2, 3). Moderate to high
doses of irradiation can adversely affect tissues (4, 5), and there is
growing evidence of stochastic effects at low doses (100 mGy) (6, 7).
In the low dose range (8, 9), the dose-response has been positive for
some cancers in medical personnel (10, 11). These risks highlight the
critical importance of understanding and managing exposure to
ionizing radiation in the occupational environment, particularly for
medical personnel who are often on the front line of radiological and
nuclear emergencies.

Since the 1950s, medical radiation workers have experienced a
notable reduction in occupational doses as a result of enhanced
measures for radiation protection (12). Although most healthcare
workers acknowledge the seriousness of radiation accidents, there
seems to be a general lack of in-depth risk awareness, a poor
understanding of protective measures, and inadequate emergency
response skills (13, 14). Surveys were conducted by Jafri and colleagues
to evaluate the level of radiation safety knowledge among employees
working with radiation in Karachi, Pakistan’s radiology, nuclear
medicine, and radiotherapy centers. The analysis of the survey showed
that radiation therapy workers had only 4.9 per cent correct knowledge
of dose-to-control-area dose limits and only 10 per cent correct
definition of medical exposures (15). In addition, the level of
proficiency in technical and practical skills varies widely, with some
demonstrating a high level of competence while others struggle with
basic procedures. A study from China showed that 43.9% of
responders considered on-site epidemiological investigations to be the
weakest skill acquired by emergency responders. Additional areas of
weakness comprised personal protective measures (25.7%), crisis
psychological support (25.6%), successful response to nuclear and
radiological incidents (25.6%), and evaluation of hazards (21.4%) (16).
There is also an apparent lack of knowledge in standard policy
development and structured educational curricula for these unique
situations (17). There is a universality of challenges faced by healthcare
workers in various countries, such as Japan, the United States and the
Netherlands, to varying degrees, including resource constraints, lack
of awareness and limited training opportunities. However, there are
also disparate issues such as policy and regulatory differences, cultural
and language barriers that need to be addressed (18, 19).

The importance of training medical personnel in radiological and
nuclear emergencies has waxed and waned, influenced by social events
and the political climate. However, the Chornobyl disaster, the
Fukushima accident, and, more recently, increasingly complex
radiological devices are stark reminders of the urgency and necessity
of comprehensive education and preparedness. Knowledge and
operational implementation gaps are identified through the analysis
of past accident management experiences, aiding in the understanding
of essential areas requiring improvement (1). We need to improve
experience in addition to theoretical knowledge training. Assurance
of ongoing technological advances and extensive research efforts
promise to diversify training methods and enhance the emergency
preparedness of health-care workers. The aim of this study is to
provide a comprehensive assessment of the current state of
preparedness and knowledge among healthcare professionals in
dealing with radiological and nuclear emergencies by analyzing and
assessing information gathered from published sources and input
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from partners. By identifying specific gaps in perception and
competence, we hope to propose targeted measures and references
that will contribute to the overall efficiency of the healthcare system
in responding to such crises.

2 Medical personnel’'s awareness of
radiation and nuclear exposure risks

2.1 Basic concepts of radiation and nuclear
exposure (sources and types of radiation
and nuclear exposure)

Ionizing radiation (IR) refers to the particle radiation and
electromagnetic radiation that emit energy outward in the form of
particles or waves, directly or indirectly promoting the ionization and
decomposition of substances, and it has the characteristics of short
wavelength, high energy, and high frequency. Nuclear exposure
mainly refers to the accidental release of radioactive materials in
nuclear facilities (such as nuclear power plant’s radioactive distribution
devices), exposing workers and the public to ionizing radiation
exceeding or equivalent to the prescribed limits (20, 21). Ionizing
radiation has the ability to directly impact biological macromolecules
like proteins by breaking down their molecular structure. It can also
ionize and excite water molecules, leading to the creation of numerous
superoxide anion free radicals, hydroxyl free radicals, and other
reactive oxygen free radicals. This indirect effect can result in harm to
the hematopoietic system, nervous system, reproductive system, and
immune system. Severe cases can lead to disability, cancer, and even
death (Figure 1) (22).

Tonizing radiation is usually divided into artificial and natural
radiation according to the different radiation sources. Among them,
the sources of artificial radiation mainly include the radiation generated
by nuclear energy facilities and the application of nuclear technology
or nuclear explosions. However, artificial radiation broadly impacts the
public, mainly from medical applications (21). In addition, according
to international standards (23), radiation doses below 100 mGy are
defined as “low-dose radiation,” and radiation workers in medical
institutions are the main exposure groups of low-dose occupational
nuclear radiation (24). The increasing yearly exposure and participation
in radioactive work by institutions and personnel can be attributed to
the progress and growth of medical services and nuclear power projects.

2.2 Exposure status of medical personnel:
changes in occupational exposure dose
status and hazards

ITonizing radiation mainly acts on the human body through
external and internal irradiation. For medical radiologists, the most
common radiation pathway is external irradiation. In order to
objectively understand the dose level of medical radiologists and
protect the health status of radiation workers, the International
Atomic Energy Agency and other international organizations have
permanently attached great importance to individual dose
monitoring (25). China has also formulated a series of corresponding
laws, regulations, standards, and so on, with individual dose
monitoring as an essential part of estimating the population
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exposure dose and preventing it from being exposed to excessive
exposure. The Basic Standard for Radiation Source Safety and
Tonizing Radiation Protection (GB18871-2002) specifies that the
annual practical dose limit for five consecutive years is 20 mSv on
average, and the practical dose limit for any 1 year is 50 mSv (26).
Monitoring results in China have found that the annual effective
dose of most occupationally exposed people is far below the dose
limit, Which is most likely due to advances in medical technology
that block more radiation (27, 28). A 7-year dose monitoring data of
Chinese medical radiologists showed that the average annual
effective dose of more than 94.5% of medical radiologists was lower
than 1 mSv/a and decreased year by year (29).

Systemic or local radiation damage caused by ionizing radiation
on the human body can be divided into acute, subacute, and chronic
radiation sicknesses (30). Its influence on human health and its
mechanism of action has always been a hot topic in scientific research.
Su Yiwei found that being exposed to small doses of ionizing radiation
in nuclear power industry employees led to reduced counts of white
blood cells, neutrophils, and lymphocytes, in addition to lower levels
of hemoglobin, average volume of red blood cells, and average
concentration of red blood cell hemoglobin when compared to the
control group, suggesting that low dose ionizing radiation has an effect
on peripheral blood cells of radiation workers in nuclear power
industry and has a certain cumulative damage effect (31). One key
area of study is the impact of ionizing radiation on the functionality
of the liver and kidneys. The liver is more sensitive to ionizing
radiation, and the damage is mainly manifested as radiation hepatitis
and fibrosis (32). Alanine aminotransferase (ALT) is a sensitive index
of liver damage. In their research, Song Haiyan and colleagues
discovered that among 1,646 radiation workers in Nanjing, the
incidence of elevated ALT levels was notably greater in the radiation-
exposed group compared to the control group (33). However, most of
the medical staff have little contact with patients exposed to nuclear
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radiation, limited treatment experience, and most of them do not have
the relevant knowledge and skills to care for and protect nuclear
radiation patients and their ability to treat nuclear radiation patients
in hospitals needs to be improved (34). At present, most hospitals at
home and abroad still lack standardized hospital emergency treatment
procedures and nursing technical training guidance for nuclear
radiation accidents (35) in order to ensure that nuclear radiation
patients receive systematic and professional medical treatment and
nursing and reduce the harm caused by nuclear accidents to patients.

2.3 Principles of radiation protection

In order to protect both individuals and the environment from the
negative effects of ionizing radiation, the safety guidelines set forth by
the IAEA establish key principles, requirements, and measures to control
human exposure to radiation and the release of radioactive substances
into the surrounding areas. This is done to minimize the potential for
incidents resulting in the loss of supervision over the nucleus of a
nuclear reactor, a chain reaction, a radioactive source, or any other
radiation emanating source, and to alleviate the ramifications of such
occurrences. The rationality of radiation protection is linked to three key
principles: protection optimization and the implementation of dose
constraints (36). Table 1 demonstrates guideline values for limiting the
exposure of nuclear emergency response personnel. Different standard
requirements appropriate to the likelihood and magnitude of exposure
are applied to different exposure scenarios, such as life-saving operations,
operations in catastrophic situations with significant impacts, and
operations to avoid large collective doses. For those healthcare workers
who are directly involved with radiation sources, the following
protection principles should be the main ones to understand: (a) Main
dangers associated with ionizing radiation; (b) Basic dimensions and
units for radiation protection; (c) the requirements for radiation

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1410722
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Xu et al.

TABLE 1 Guideline values for limiting exposure of emergency responders.

10.3389/fpubh.2024.1410722

Task Guidance value

Life-saving actions Hp (10) < 500mSv
E <500mSv
ADrd < %ADTe
Measures to mitigate extreme deterministic consequences and measures to avert the
Hp (10)<500mSv
emergence of disastrous circumstances that could profoundly impact both
E <500mSv
individuals and the ecosystem. 1
ADrd < EADTE
Take steps to avoid high-dose collection Hp (10)<100mSv
E <100mSv
ADrd <0.14D1e

Hp (10), Personal dose equivalent where d =10 mm; AD7, RBE weighted absorbed dose to a tissue or organ; E, Effective dose; ADT d, Values of RBE weighted absorbed dose to a tissue or
organ given; ADTe, Values of RBE weighted absorbed dose to a tissue or organ given in table II.1 of GSR Part 7 (37).

TAEA No. GSG-7 Justification of Practices. Including Non-Medical Human Imaging.

protection (including optimized protection and dose limitation); (d) the
primary measures of practical radiation protection; (e) task-specific
relevant issues; (f) the immediate notification of designated personnel
in the case of unforeseen events involving an increased risk of radiation
exposure; and (g) the actions that may be required in the case of an
accident, if appropriate (38). Table 2 shows the attributes, functions, and
precautions of PPE used in different nuclear radiation scenarios.

2.4 Popularity and acceptability of
protective measures for healthcare
professionals

Emergency Medical Services (EMS) personnel may face daily
radiation exposure, requiring readiness for responding to both natural
and man-made incidents involving radioactive substances. After
conducting a thorough literature review, it is evident that EMS
personnel continue to lack sufficient knowledge and application of
protective measures against nuclear radiation. This deficiency persists
even with the existence of thorough guidelines provided by reputable
organizations such as the International Commission on Radiological
Protection (ICRP) and the International Atomic Energy Agency
(IAEA). In a study conducted in 2007, findings revealed that 63% of
EMS personnel had undergone training related to radiological
terrorism, while only 50% had utilized personal protective gear within
the past year (39). In the United States during the same year, a study
found that just 30.8% of EMS personnel had undergone training for
radiological emergencies (40). In 2019, 12years later, a study of 433
firefighters and EMS personnel showed that many EMS personnel have
low knowledge about radiation exposure and precautions. Numerous
EMS personnel lacked adequate training on radiation incidents; 25%
had not undergone any of the five types of radiation incident training,
while the majority had received less than 1h of training (62). In a 2020
study of 244 nurses in the US, the average score on the 15-item
Radiation Measures and Knowledge Assessment (RMEKA) was only
47.17%, which is failing by academic standards. The study also found
that many EMS personnel had not been trained in radiation emergency
medical management (EMM), the most common form of EMM. There
is a lack of training in nuclear emergency response among first
responders, specifically in terms of insufficient knowledge of radiation
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protection, and first responders do not have a full understanding of the
basic concepts, types and hazards of radiation. There is a lack of
familiarity with emergency response steps and procedures in the event
of a nuclear accident, including how to quickly assess and deal with the
situation on site. Lack of knowledge of how to properly use and
maintain personal protective equipment and lack of guidance on the
selection of protective equipment and scenarios for its use. Unfamiliarity
with first aid treatments for radiation exposure and contamination, e.g.,
how to treat radioactive burns and internal contamination. However,
participants who had previously taken a radiation emergency medical
management course used online resources. It developed a preparedness
plan, and they received higher scores (34) in addition to the lack of
attention from organizations such as hospitals, which may be related to
funding. A study conducted in 2018 found that just 33% of EMS
organizations involved had adequate financial resources to offer
training in radiological terrorism (41). The research offers valuable
perspective on the understanding and awareness of radiation safety
protocols among EMS personnel, including radiation technologists,
physicists, and radiology practitioners in various hospital environments.
Although technological advances, such as the introduction of digital
imaging, have helped to reduce radiation doses (42), no technology can
completely replace the need for comprehensive education of medical
professionals on nuclear radiation protection measures.

3 Knowledge of emergency response
and willingness to participate

3.1 Popularization and assessment of
healthcare personnel’s knowledge of
emergency response and rescue

Skills and techniques for responding to public health emergencies
are prerequisites (16). Radiation incident training improves workers’
ability to respond to radiation events, protects them from workplace
radiation exposure, and minimizes the spread of radiation from the
source to uncontaminated people, objects, or areas (62). The prevention
training aims to improve the self-efficacy and comfort of emergency
personnel during radiation incidents. Moreover, training is beneficial
for enhancing the willingness of healthcare workers to work. However,
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research has found that (69) healthcare workers have received little
training on radiation incidents; One quarter of individuals have not
undergone any of the five varieties of radiation event preparation,
whereas a greater number of individuals have undergone 1h or fewer
of training. A 2005 study (43) found that less than 10% of American
healthcare workers received training on radiation terrorism. A 2007
study reported (40) that only about one-third of American healthcare
workers had received any training on radiation terrorism. In the same
year, a study in Canada found (39) that 63% of healthcare workers had
received at least some training on radiation terrorism, but only 50%
had worn personal protective equipment in the previous year. The level
of training among healthcare workers can vary significantly across
different countries and regions due to a variety of factors, including
differences in healthcare systems, resources, policies, and cultural
attitudes toward preparedness and safety. Faced with these challenges,
healthcare systems and policy makers must recognize the importance
of emergency preparedness training and invest in developing
comprehensive, accessible, and sustainable training plans.

3.2 The willingness of healthcare workers
to participate in emergency response and
influencing factors

In emergencies, healthcare workers are the frontline of patient
care. Studies indicate that numerous variables influence the willingness
of healthcare personnel to engage in initial medical assistance,
including limited foundational understanding of radiation emergency

10.3389/fpubh.2024.1410722

protocols, lacking personal safety perceptions, diminished clinical
confidence, inability to recognize radiation-induced injuries, and
insufficient patient care experience in radiation-related scenarios.
Furthermore, concerns regarding personal and familial safety anxiety
have been validated as a crucial factor impacting healthcare workers’
willingness to provide aid (44). Research has shown that healthcare
workers may not be willing to respond to abnormal emergencies they
perceive as dangerous, and nuclear events have the greatest impact on
their work willingness, followed closely by radioactive and chemical
events (18). Research shows that medical workers exposed to radiation
for a long time are more likely to suffer from leukemia, skin cancer,
and female breast cancer (45). In addition to inadequate nuclear
radiation awareness among healthcare workers, research has found
that insufficient funding, inadequate training and drills, and delayed
skill updates are the main limiting factors in promoting health
emergency skills and technologies (16).

4 Current status of skills and
technology

4.1 Current radiological and nuclear
incident skill requirements for healthcare
personnel

Part 4 of GSR Part 3, published by the International Atomic Energy
Agency (IAEA), states that it is imperative to ensure that the exposure
of emergency workers in an emergency does not exceed 50 mSv.

TABLE 2 Use of personal protective equipment in different nuclear radiation scenarios.

Types of protective clothing Characteristics of use

Aprons for protection against penetrating

radiation

offer sufficient shielding.

Properties: The apron, which is flexible on both sides, provides protection for the chest and back against radiation scatter
that trails behind the body. Its thickness is equivalent to that of 1/3 millimeters of lead.

Function: Absorbs roughly 90% of low-energy radiation, like scattered X-rays (tens of kilovolts). It is ineffective against the
primary X-rays and gamma rays with higher energy levels (over 100 kilovolts), which are frequently used in nuclear
medicine, radiotherapy, and industrial settings.

Caution: Aprons can be cumbersome and may impede efficiency, leading to increased individual exposure if they fail to

Gloves and other protective gear Penetrating

radiation

exposures if not used properly.

Properties: Contains up to 0.33 mm of lead; excellent protection for extremities when used as localized shielding.
Function: Low energy scattered X-rays and electrons (beta particles) can penetrate poor shielding against most radiation.

Caution: Wearing gloves reduces dexterity and can, therefore, result in large hand doses, larger body doses, and prolonged

Respiratory Filtering face piece

protection equipment | respirators (FFP)

Properties: Filtering facepiece respirators are made entirely or mostly of filtering material that covers the mouth and nose.
The facepiece mask is held by straps and nose clips that help complete the seal.

Function: FFP respirators are designed for primarily protecting against low to moderate hazard particles.

Caution: FFP respirators have relatively low nominal protection factors, but the highest retention efficiency FFP3 class

filters provide adequate protection for low and limited-risk areas.

Half mask
respirators

contaminants.

Properties: Flexible half masks are made of rubber or plastic!

Function: The cartridges are highly absorbent of gases and vapors and provide a secure seal for the subsequent treatment of

Powered air-
purifying respirators

with masks

Properties: Powered Air Purifying Respirators deliver a consistent stream of air to the mask in order to reduce the ingress of
polluted air around a mask that is not fully sealed.

Function: Respirators capture particulate matter, gases, and vapors. Powered respirators employ about thrice the number of
filters compared to unpowered respirators.

Note: In the event of a respirator malfunction, the mask will provide the individual with sufficient opportunity to evacuate

the area affected by contamination.
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Furthermore, a reference level, expressed in terms of residual dose,
should be established, typically within the range of 20-100 mSv. The
protection strategy should include reducing the residual dose below the
reference level to the greatest extent feasible (46). Advanced practice
nurses involved in managing nuclear accidents must be knowledgeable
about the safe use of radioactive materials while providing patient care.
This is particularly important as they may need to treat severely injured
patients before decontamination. It is imperative for all nursing
personnel to have a comprehensive understanding of the difference
between radiation exposure and contamination. When caring for
patients who are potentially radioactive or contaminated, medical
professionals should consistently adhere to the ALARA principle,
which is an acronym for As Low As Reasonably Achievable. Limiting
the time spent with patients, maintaining increased distance from
radioactive sources and contaminated patients, utilizing proper
shielding, and donning appropriate personal protective gear (PPE) can
achieve this goal (47). Employees who handle individuals who may
be contaminated are required to utilize proper PPE and personal
radiation monitoring devices. PPE consists of overalls, helmets, gloves,
footwear, face shields, goggles, and impermeable shoe protectors.
Additionally, lead containers and tongs should be used to transfer and
store highly radioactive foreign objects (48, 49). Lead or lead-equivalent
shielding effectively reduces radiation exposure to X-rays and gamma
rays. Several types of shielding are used for this purpose, including lead
aprons, mobile lead shielding, leaded glass, and lead barriers. During
triage, nursing staff must document all assessments and interventions
comprehensively and promptly. This information is critical for clinical
evaluation and treatment planning (50). After medical stabilization,
trained providers are expected to survey patients for radioactive
contamination using appropriate equipment and methodology (51).
Besides those mentioned above, they must allocate scarce resources,
manage medical countermeasures, prevent secondary infections, and
provide mental health services (34).

4.2 Analysis of the current status of skills
and technology of healthcare personnel

Furthermore, many current nursing staff may lack the necessary
education and training to effectively handle radiation incidents. Studies
indicate that healthcare professionals employed in emergency facilities
and Radiation Injury Treatment Network (RITN) medical centers may
have insufficient expertise and abilities required to promptly manage
radiation incidents (34). Tener Goodwin Veenema and colleagues
observed that radiology is not integrated into the curriculum of nursing
schools across the United States. This deficiency results in insufficient
preparation and education for both present and upcoming nurses in
addressing and managing patients and communities in the event of a
nuclear or radiological crisis. Nurses, in turn, are an important part of
the healthcare and public health response. Many of the current nursing
workforce have not been adequately educated and trained to respond
and care for patients and communities during a nuclear emergency. As
aresult, there is a shortage of trained nurses with the necessary skills to
respond to a radiological/nuclear event (27). A survey of 59 hospital
emergency department staff in a city (of which nurses accounted for
19%) showed that their level of knowledge and clinical skills in dealing
with radioactive disasters was low, only 66%. Nurses performed
significantly worse than physicians on several aspects of the survey
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instrument (51). Other studies have also demonstrated nurses’ lack of
preparedness and competence to respond to catastrophic events
involving radiological devices (52). Nuclear medicine technicians
(NMTs) can provide radiological expertise during a public health crisis
involving radioactive materials. NMTs have expertise in health physics,
radiation biology, radiation safety, decontamination, and patient care,
making them a valuable resource. They also possess skills in the safe
handling of radioactive materials (53). Medical toxicologists are
uniquely qualified to respond to radiation emergencies. They have
formal training in radiation medicine and the necessary skills to select
and use personal protective equipment, perform decontaminating,
identify toxicity, interpret bioassays, administer chelation therapy, and
assess and communicate risks (54). Kinugasa and co-authors revealed
that more than 6,000 doctors in 35 Japanese cities underwent radiation
emergency medical management education and training within a five-
year period, improving their knowledge, skills, and confidence in
managing radiation-exposed patients (55).

5 Status and development of nuclear
emergency response training courses

5.1 Status and comparison of existing
nuclear emergency response training
courses

Surveys in existing research indicate a deficiency in emergency
preparedness training among many nurses, particularly in systematic
training for biochemical or radiation incidents. Specifically, nurses
lack confidence in performing emergency actions (56). Investigations
conducted by the International Atomic Energy Agency (IAEA) into
specific radiation incidents also suggest that inadequate personnel
training has resulted in numerous severe consequences that could
have been avoided.

However, the current training courses for disaster emergency
nursing are notably limited, with most publications originating
from the United States (57). This is particularly evident in the
curriculum designed for nursing students, where even in the
United States, which prioritizes disaster relief education, only short-
term courses are available (58-60). Conversely, professional nurses
and doctors receive training in major nuclear energy countries. For
instance, Japan offers short-term national standard training courses
for members of disaster medical response teams and conducts
comprehensive nationwide disaster drills annually. Nevertheless,
incidents such as ambulance refusal and hospital rejection occurred
during the transportation of personnel in the aftermath of the
Fukushima nuclear accident (61). US Department of Defense
members must undergo federal certification and engage in fixed
training and drills at the community level. Through various training
modalities such as pre-service training, targeted training, and
regular retraining, trainees are equipped with and sustain the
capability for nuclear emergency rescue (62). The nuclear
emergency profession is absent from China’s most recent edition of
the “Catalog of Undergraduate Programs in Regular Higher
Education Institutions (2020 Edition)” Consequently, universities
nationwide lack standardized specialized courses dedicated to
nuclear emergencies. Furthermore, those institutions that offer such
courses encounter challenges akin to those in the United States and
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Japan, including overly simplistic content, outdated teaching
methodologies, and inadequate professional faculty (63, 64).

Overall, nuclear emergency education exhibits numerous
deficiencies in China and other prominent nuclear nations globally.
The knowledge and curriculum frameworks often diverge from the
demands of nuclear emergency roles, resulting in a substantial
disparity between training content and practical applications.
Consequently, in view of the above shortcomings, combined with the
professional subdivision of Chinese colleges and universities, it can
be considered to set up a subdivided “nuclear emergency medicine”
major under the “disaster medicine” major or other similar majors,
with theoretical courses and simulated practical courses are designed
by the national nuclear emergency management organizations. On the
one hand, we can train students, and on the other hand, we can
strengthen the experience of nurses, armed police officers and other
major nuclear emergency rescue forces. In addition, we can regularly
cooperate and exchange information with major foreign nuclear
countries, and carry out activities such as joint emergency response
exercises, the development of rescue procedures for nuclear leaks, and
the standardization of international nuclear curricula, so as to prevent
accidents before they occur.

5.2 Exploration of nuclear emergency
response training courses

Compared to conventional rescue operations, most radiation
training programs face significant challenges in using actual radiation
sources due to regulatory, administrative, and safety concerns
associated with storage, transportation, and utilization. Furthermore,
employing radiation exposure for training purposes raises ethical
dilemmas. However, without hands-on practice in situations devoid
of risk, trainees’ commitment and psychological readiness diminish,
significantly compromising training effectiveness (56). Hence,
exploring practical and effective hands-on training methods is crucial
to offer healthcare workers optimal training environments alongside
theoretical knowledge training.

In Sweden, Italo Masiello et al. developed a virtual reality scenario
to test the specific technical skills of nuclear power plant personnel
through research (65); In China, Haotengfei et al. have created an
emergency drill system grounded in three-dimensional simulation via
VR (66); Additionally, In South Korea, Dewey Lee (67) developed a
VR based exercise system to facilitate radiation emergency exercises
for ordinary citizens.

While VR technology has been increasingly employed in nuclear
emergency response drills, there are still some limitations. On the one
hand, it has been reported in existing studies that some of the students
who used virtual technology for learning suffered from discomfort,
nausea, and fatigue due to blurred or incorrectly adjusted visuals, and
tight headset straps (68, 69); on the other hand, the closer the VR
training is to the real-life situation the better the results will be,
however, emergencies such as nuclear leaks are not routinely common
events, and the on-site information on situations such as a nuclear leak
may not be updated for a very In addition, the high cost of virtual
reality equipment, the lack of instructors who can provide training,
and the possibility that nuclear radiation-related information may
be classified and not easily accessible may also make it difficult to
apply virtual reality technology to nuclear emergency rescue drills.
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However, with the gradual upgrading of technology and the more
in-depth relevant research in various countries around the world, it is
believed that similar training tools will become more and more
abundant, and the emergency response quality of medical personnel
will become higher and higher.

6 Conclusion

The article provides a comprehensive overview of the current
status of occupational irradiation and its associated risks, particularly
for medical personnel. Although advances in technology and
protective measures have generally reduced levels of occupational
irradiation, individual healthcare workers may be exposed to higher
doses due to the increasing number of radiological procedures. Acute
health effects, such as radiation sickness, and long-term consequences,
such as cancer and genetic damage, are of concern, with cancer risk
being particularly acute.

The article also examines emergency responders’ knowledge and
awareness of protective measures, revealing significant gaps in
knowledge, particularly regarding decontamination procedures in the
event of a radiological incident. Most respondents incorrectly assessed
their proximity to nuclear facilities, highlighting the disconnect
between perceived and actual risk. In addition, willingness to respond,
perceived competence, and personal safety in radiological emergencies
showed good internal consistency and reliability, suggesting that
medical staff were prepared in these areas. However, there are apparent
deficits in basic radiological knowledge, indicating a need for better
education and training.

Concerning the current state of skills and technology, many
emergency personnel lacked adequate training for radiation incidents.
Much medical personnel rarely engage in emergency response
activities in a hospital setting and often lack the time to acquire
emergency response skills. Even where relevant training has occurred,
the inability to conduct effective drills may gradually diminish the
knowledge gained, leading to inadequate emergency preparedness and
hindering improvement. This contributes to healthcare professionals’
uncertainty about their ability to respond to natural disasters. In this
regard, we suggest that Governments should carry out systematic
training programs that cover the basics of nuclear physics, radiation
protection, nuclear emergency management so as to ensure that all
emergency personnel have a solid theoretical foundation. They should
also regularly organize nuclear emergency simulation drills to simulate
different types of nuclear accident scenarios, so as to enhance the
practical ability and adaptability of emergency personnel. On this
basis, a regular retraining mechanism should be established to ensure
that the knowledge and skills of emergency personnel are up-to-date
and that they master the latest technology and emergency handling
methods. The government should The government should increase
policy support and funding for nuclear emergency training to ensure
the smooth implementation and sustainability of the training
program, as well as carry out VR and other enrichment training tools
to ensure the implementation of the project.

Ongoing technological advances and extensive research efforts
worldwide promise to diversify training methods and enhance the
emergency preparedness of healthcare workers. Improving radiation
safety and emergency preparedness is a complex and multilayered task
involving technology, management, education, policy and other
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aspects, and in the future, with technological innovation and
application, virtual reality (VR) and augmented reality (AR)
technology will be utilized for scenario simulation to improve the real-
world capabilities of emergency responders. Develop highly sensitive
and fast-responding radiation sensors that can monitor radiation
levels in real time and provide accurate data. Incorporate knowledge
of radiation safety into the school education system to cultivate
students’ safety awareness from an early age. This is essential to ensure
the health and safety of healthcare workers and the effective
management of radiation and nuclear accidents.

Author contributions

XX: Conceptualization, Project administration, Writing - original
draft. YX: Investigation, Resources, Writing — original draft. HL:
Investigation, Project administration, Writing — original draft. XW:
Software, Supervision, Writing - original draft. SS: Investigation,
Validation, Writing - original draft. ZY: Investigation, Validation,
Writing - original draft. YLa: Conceptualization, Investigation,
Writing - original draft. JH: Resources, Supervision, Writing — review
& editing. YLi: Funding acquisition, Investigation, Writing — review
& editing.

References

1. Li C, Alves dos Reis A, Ansari A, Bertelli L, Carr Z, Dainiak N, et al. Public health
response and medical management of internal contamination in past radiological or
nuclear incidents: a narrative review. Environ Int. (2022) 163:107222. doi: 10.1016/j.
envint.2022.107222

2. Cardis E. Epidemiology of accidental radiation exposures. Environ Health Perspect.
(1996) 104:643-9. doi: 10.1289/ehp.96104s3643

3. Rump A, Eder S, Hermann C, Lamkowski A, Ostheim P, Abend M, et al. Estimation
of radiation-induced health hazards from a "dirty bomb" attack with radiocesium under
different assault and rescue conditions. Mil Med Res. (2021) 8:65. doi: 10.1186/
$40779-021-00349-w

4. McGregor DB, Baan RA, Partensky C, Rice JM, Wilbourn JD. Evaluation of the
carcinogenic risks to humans associated with surgical implants and other foreign
bodies - a report of an IARC monographs Programme meeting. Int Agency Res Cancer.
(2000) 36:307-13. doi: 10.1016/S0959-8049(99)00312-3

5. Tokunaga M, Land CE, Tokuoka S, Nishimori I, Soda M, Akiba S. Incidence of
female breast cancer among atomic bomb survivors, 1950-1985. Radiat Res. (1994)
138:209-23. doi: 10.2307/3578591

6. Yoshinaga S, Mabuchi K, Sigurdson AJ, Doody MM, Ron E. Cancer risks among
radiologists and radiologic technologists: review of epidemiologic studies. Radiology.
(2004) 233:313-21. doi: 10.1148/radiol.2332031119

7. Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP, et al. Radiation
exposure from CT scans in childhood and subsequent risk of leukaemia and brain
tumours: a retrospective cohort study. Lancet. (2012) 380:499-505. doi: 10.1016/
S0140-6736(12)60815-0

8. Linet MS, Slovis TL, Miller DL, Kleinerman R, Lee C, Rajaraman P, et al. Cancer
risks associated with external radiation from diagnostic imaging procedures. CA. (2012)
62:75-100. doi: 10.3322/caac.21132

9. Leuraud K, Richardson DB, Cardis E, Daniels RD, Gillies M, O'Hagan JA, et al.
Tonising radiation and risk of death from leukaemia and lymphoma in radiation-
monitored workers (INWORKS): an international cohort study. Lancet Haematol. (2015)
2:€276-81. doi: 10.1016/S2352-3026(15)00094-0

10. Kitahara CM, Linet MS, Drozdovitch V, Alexander BH, Preston DL, Simon SL,
et al. Cancer and circulatory disease risks in US radiologic technologists associated with
performing procedures involving radionuclides. Occup Environ Med. (2015) 72:770-6.
doi: 10.1136/0emed-2015-102834

11. Preston DL, Kitahara CM, Freedman DM, Sigurdson AJ, Simon SL, Little MP, et al.
Breast cancer risk and protracted low-to-moderate dose occupational radiation exposure
in the US radiologic technologists cohort, 1983-2008. Br ] Cancer. (2016) 115:1105-12.
doi: 10.1038/bjc.2016.292

12. Wang C, Mo SE, Zhang JB, Li JR, Huang RL, Tan HY. Personal dose monitoring of
radiation workers in medical institutions at the municipal level and below in a city from

Frontiers in Public Health

10.3389/fpubh.2024.1410722

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by National Social Science Foundation of China
(21BGL300).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

2011 to 2014. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. (2017) 35:594-7. doi:
10.3760/cma.j.issn.1001-9391.2017.08.010

13. Yurt A, Cavu§oglu B, Giinay T. Evaluation of awareness on radiation protection and
knowledge about radiological examinations in healthcare professionals who use ionized
radiation at work. Mol Imaging Radionucl Ther. (2014) 23:48-53. doi: 10.4274/mirt.00719

14. Szarmach A, Piskunowicz M, Swie;tor'l D, Muc A, Mockatto G, Dzierzanowski J,
et al. Radiation safety awareness among medical staff. Pol ] Radiol. (2015) 80:57-61. doi:
10.12659/PJR.892758

15. Jafri MA, Farrukh S, Zafar R, Ilyas N. A survey on radiation protection awareness
at various hospitals in Karachi, Pakistan. Heliyon. (2022) 8:¢11236. doi: 10.1016/j.
heliyon.2022.e11236

16. Ren J, Wu Q, Hao Y, Ferrier A, Sun H, Ding D, et al. Identifying weaknesses in
national health emergency response skills and techniques with emergency responders:
a cross-sectional study from China. Am J Infect Control. (2017) 45:¢1-6. doi: 10.1016/j.
2jic.2016.10.001

17.Jeyasugiththan ], Dissanayake DMTPB, Kohombakadawala IMCWB,
Satharasinghe DM. Assessment of the awareness of radiation protection and related
concepts among nursing staff mainly working in diagnostic imaging units, cath-labs and
operation theatres in Sri Lanka: a survey-based study. Radiography. (2023) 29:319-26.
doi: 10.1016/j.radi.2023.01.002

18. Dallas CE, Klein KR, Lehman T, Kodama T, Harris CA, Swienton RE. Readiness
for radiological and nuclear events among emergency medical personnel. Front Public
Health. (2017) 5:202. doi: 10.3389/fpubh.2017.00202

19. Mortelmans L]JM, Gaakeer MI, Dieltiens G, Anseeuw K, Sabbe MB. Are Dutch
hospitals prepared for chemical, biological, or radionuclear incidents? A survey study.
Prehosp Disaster Med. (2017) 32:483-91. doi: 10.1017/S1049023X17006513

20. Luo YY, Ma DX, Liu C, Yu, ZH, Yin, AM, Chen, JG, et al. Current situation and
prospect of medical emergency rescue and nursing work in nuclear accident. Radiation
Health China. (2018) 27:372-5. doi: 10.13491/j.issn.1004-714x.2018.04.023 (in Chinese).

21. Veenema TG, Lavin RP, Schneider-Firestone S, Couig MP, Langan JC, Qureshi K,
et al. National Assessment of nursing schools and nurse educators readiness for radiation
emergencies and nuclear events. Disaster Med Public Health Prep. (2019) 13:936-45. doi:
10.1017/dmp.2019.17

22.Zhou SY, Chi CP, Wei JP, Dan ZLB, et al. Research on ionizing radiation and
human health. China High New Technol. (2021) 3:126-9.  doi: 10.3969/j.
issn.2096-4137.2021.03.057 (in Chinese).

23. United Nations Scientific Committee on the Effects of Atomic Radiation. Sources,
effects and risks of ionising radiation. UNSCEAR report to the general assembly. New York:
United Nations (2012).

24. The 2007 Recommendations of the International Commission on Radiological
Protection. ICRP publication 103. Ann ICRP. (2007) 37:1-332.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1410722
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.envint.2022.107222
https://doi.org/10.1016/j.envint.2022.107222
https://doi.org/10.1289/ehp.96104s3643
https://doi.org/10.1186/s40779-021-00349-w
https://doi.org/10.1186/s40779-021-00349-w
https://doi.org/10.1016/S0959-8049(99)00312-3
https://doi.org/10.2307/3578591
https://doi.org/10.1148/radiol.2332031119
https://doi.org/10.1016/S0140-6736(12)60815-0
https://doi.org/10.1016/S0140-6736(12)60815-0
https://doi.org/10.3322/caac.21132
https://doi.org/10.1016/S2352-3026(15)00094-0
https://doi.org/10.1136/oemed-2015-102834
https://doi.org/10.1038/bjc.2016.292
https://doi.org/10.3760/cma.j.issn.1001-9391.2017.08.010
https://doi.org/10.4274/mirt.00719
https://doi.org/10.12659/PJR.892758
https://doi.org/10.1016/j.heliyon.2022.e11236
https://doi.org/10.1016/j.heliyon.2022.e11236
https://doi.org/10.1016/j.ajic.2016.10.001
https://doi.org/10.1016/j.ajic.2016.10.001
https://doi.org/10.1016/j.radi.2023.01.002
https://doi.org/10.3389/fpubh.2017.00202
https://doi.org/10.1017/S1049023X17006513
https://doi.org/10.13491/j.issn.1004-714x.2018.04.023
https://doi.org/10.1017/dmp.2019.17
https://doi.org/10.3969/j.issn.2096-4137.2021.03.057
https://doi.org/10.3969/j.issn.2096-4137.2021.03.057

Xu et al.

25. Ciraj-Bjelac O, Rehani MM, Sim KH, Liew HB, Vano E, Kleiman NJ. Risk for
radiation-induced cataract for staff in interventional cardiology: is there reason for
concern? Catheter Cardiovasc Interv. (2010) 76:826-34. doi: 10.1002/ccd.22670

26. Milacic S. Risk of occupational radiation-induced cataract in medical workers.
Med Lav. (2009) 100:178-86.

27. Prise KM, Saran A. Concise review: stem cell effects in radiation risk. Stem Cells.
(2011) 29:1315-21. doi: 10.1002/stem.690

28. McQuestion M. Evidence-based skin care management in radiation therapy:
clinical update. Semin Oncol Nurs. (2011) 27:E1-E17. doi: 10.1016/j.soncn.2011.02.009

29. Seité S, Bensadoun RJ, Mazer JM. Prevention and treatment of acute and chronic
radiodermatitis. Breast Cancer. (2017) 9:551-7. doi: 10.2147/BCTT.S149752

30. Dai H, Feng ], Bian H, Chen W, Wang Y, Liu Y, et al. Complete technical scheme
for automatic biological dose estimation platform. Dose Response. (2018)
16:1559325818799951. doi: 10.1177/1559325818799951

31. Folley JH, Borges W, Yamawaki T. Incidence of leukemia in survivors of the atomic
bomb in Hiroshima and Nagasaki, Japan. Am ] Med. (1952) 13:311-21. doi:
10.1016/0002-9343(52)90285-4

32. Gillies M, Haylock R, Hunter N, Zhang W. Risk of leukemia associated with
protracted low-dose radiation exposure: updated results from the National Registry for
radiation workers study. Radiat Res. (2019) 192:527-37. doi: 10.1667/RR15358.1

33. Modenese A, Gobba F Cataract frequency and subtypes involved in workers
assessed for their solar radiation exposure: a systematic review. Acta Ophthalmol. (2018)
96:779-88. doi: 10.1111/a0s.13734

34. Bowen A, Veenema TG, Schneider-Firestone S, Iddins C, Boyce D, Davis ], et al.
Exploring National Nursing Readiness for a radiological or nuclear incident: a cross-
sectional study. J Emerg Nurs. (2020) 46:600-10. doi: 10.1016/j.jen.2020.06.002

35. Nagata T, Arishima T, Yamaguchi Y, Hirohashi N, Usa T, Hasegawa A, et al.
Radiation emergency medical preparedness in Japan: a survey of nuclear emergency core
hospitals. Disaster Med Public Health Prep. (2022) 17:¢78. doi: 10.1017/dmp.2021.348

36. European Atomic Energy Community FAA, Organization of the United Nations IA,
Energy Agency ILO, International Maritime Organization One, Agency PAHO, Environment
Programme WHO. Fundamental safety principles, IAEA safety standards series. (2006).
Vienna, Austria: International Atomic Energy Agency Vienna International Centre.

37. Food and Agriculture Organization of the United Nations, International Atomic Energy
Agency, International Civil Aviation Organization, International Labour Organization,
International Maritime Organization, Interpol, OECD Nuclear Energy Agency, Pan American
Health Organization, Preparatory Commission for the Comprehensive Nuclear-Test-Ban
Treaty Organization, United Nations Environment Programme, United Nations Office for the
Coordination of Humanitarian Affairs, World Health Organization, World Meteorological
Organization. Preparedness and response for a nuclear or radiological emergency, IAEA safety
standards series no. GSR Part 7. Vienna: IAEA (2015).

38. International Atomic Energy Agency. Justification of practices, including non-
medical human imaging. (2014).

39. Kollek D, Welsford M, Wanger K. Chemical, biological, radiological and nuclear
preparedness training for emergency medical services providers. CJEM. (2009)
11:337-42. doi: 10.1017/S1481803500011386

40. Reilly MJ, Markenson D, DiMaggio C. Comfort level of emergency medical service
providers in responding to weapons of mass destruction events: impact of training and
equipment. Prehosp Disaster Med. (2007) 22:297-303. doi: 10.1017/S1049023X00004908

41. Tsujiguchi T, Ito K, Sato D, Mikami J, Shiroma Y, Hasegawa A, et al. The
development of an active learning program for the medical responders in a nuclear
disaster. Disaster Med Public Health Prep. (2019) 13:853-8. doi: 10.1017/dmp.2018.168

42. McCollough CH. Computed tomography technology-and dose-in the 21st
century. Health Phys. (2019) 116:157-62. doi: 10.1097/HP.0000000000000997

43. Markenson D, Reilly MJ, DiMaggio C. Public health department training of
emergency medical technicians for bioterrorism and public health emergencies: results
of a national assessment. ] Public Health Manag Pract. (2005) 11:-S74. doi:
10.1097/00124784-200511001-00012

44. Veenema TG, Walden B, Feinstein N, Williams JP. Factors affecting hospital-based
nurses” willingness to respond to a radiation emergency. Disaster Med Public Health
Prep. (2008) 2:224-9. doi: 10.1097/DMP.0b013e31818a2b7a

45, Linet MS, Kim KP, Miller DL, Kleinerman RA, Simon SL, de Gonzalez AB.
Historical review of occupational exposures and cancer risks in medical radiation
workers. Radiat Res. (2010) 174:793-808. doi: 10.1667/RR2014.1

46. International Atomic Energy Agency, International Labour Office, Pan American
Health Organization, World Health Organization. Radiation protection and safety in
medical uses of ionizing radiation IAEA safety series SSG-46 (Vienna: IAEA). (2018).
Available at: www.iaea.org/publications/11102/radiation-protection-and-safety-in-
medical-uses-of-ionizing-radiation.

Frontiers in Public Health

09

10.3389/fpubh.2024.1410722

47. Veenema TG, Thornton CP. Guidance in managing patients following radiation
events. Adv Emerg Nurs J. (2015) 37:197-208. doi: 10.1097/TME.0000000000000058

48. Richter LL, Berk HW, Teates CD, Larkham NE, Friesen EJ, Edlich RFE. A systems
approach to the management of radiation accidents. Ann Emerg Med. (1980) 9:303-9.
doi: 10.1016/S0196-0644(80)80063-1

49.Lin CH, Machleder D, DiPoce J, Brenner A. Appropriate responsibilities and
actions of radiologists in radiologic accidents and crises. ] Am Coll Radiol. (2013)
10:165-7. doi: 10.1016/j.jacr.2012.08.001

50. James DC. Radiation emergencies: a nurse can lead. J Radiol Nurs. (2006)
25:101-5. doi: 10.1016/j.jradnu.2006.10.003

51. Kotora JG. An assessment of chemical, biological, radiologic, nuclear, and
explosive preparedness among emergency department healthcare providers in an inner
city emergency department. J Emerg Manag. (2015) 13:431-46. doi: 10.5055/
jem.2015.0253

52. Veenema TG, Lavin RP, Bender A, Thornton CP, Schneider-Firestone S. National
nurse readiness for radiation emergencies and nuclear events: a systematic review of the
literature. Nurs Outlook. (2019) 67:54-88. doi: 10.1016/j.outlook.2018.10.005

53.van Dyke ME, McCormick LC, Bolus NE, Pevear ], Kazzi ZN. Radiological
emergency preparedness: a survey of nuclear medicine technologists in the United States.
J Nucl Med Technol. (2013) 41:223-30. doi: 10.2967/jnmt.113.124677

54. Murray BP, Kim E, Ralston SA, Moran TP, Iddins C, Kazzi Z. Radiation emergency
readiness among US medical toxicologists: a survey. Disaster Med Public Health Prep.
(2021) 15:292-7. doi: 10.1017/dmp.2019.147

55. Kinugasa T. Education and training for radiation emergency medical management
in Japan. Int Congr Ser. (2007) 1299:189-95. doi: 10.1016/j.ics.2006.10.014

56. Jacobs-Wingo JL, Schlegelmilch J, Berliner M, Airall-Simon G, Lang W. Emergency
preparedness training for hospital nursing staff, New York City, 2012-2016. J Nurs
Scholarsh. (2019) 51:81-7. doi: 10.1111/jnu.12425

57. Loke AY, Guo C, Molassiotis A. Development of disaster nursing education and
training programs in the past 20 years (2000-2019): a systematic review. Nurse Educ
Today. (2021) 99:104809. doi: 10.1016/j.nedt.2021.104809

58. Williams H, Downes E. Development of a course on complex Humanitarian
emergencies: preparation for the impact of climate change. J Nurs Scholarship. (2017)
49:661-9. doi: 10.1111/jnu.12339

59. Pattillo MM. Mass casualty disaster nursing course. Nurse Educ. (2003) 28:271-5.
doi: 10.1097/00006223-200311000-00010

60. Livingston LL, West CA, Livingston JL, Landry KA, Watzak BC, Graham LL.
Simulated disaster day: benefit from lessons learned through years of transformation
from silos to interprofessional education. Sim Healthcare. (2016) 11:293-8. doi: 10.1097/
SIH.0000000000000173

61. Tominaga T, Hachiya M, Tatsuzaki H, Akashi M. The accident at the Fukushima
Daiichi nuclear power plant in 2011. Health Phys. (2014) 106:630-7. doi: 10.1097/
HP.0000000000000093

62. Rebmann T, Charney RL, Loux TM, Turner JA, Nguyen D. Firefighters’ and
emergency medical service Personnel’s knowledge and training on radiation exposures
and safety: results from a survey. Health Secur. (2019) 17:393-402. doi: 10.1089/
hs.2019.0086

63.Zhou M, Xu P, Chen JL, Li CG. Exploration of constructing a professional
knowledge system and curriculum system for a nuclear emergency. ] High Educ. (2024)
10:13-6. (in Chinese).

64. Lin JJ, Li J, Ding GY, Wang, J, Gao, QH, Liu, YJ. To strengthen the teaching reform
of nuclear emergency medical rescue based on radiation dose. Continuing Med Educ
China. (2023) 15:15-8. (in Chinese).

65.Masiello I, Herault R, Mansfeld M, Skogqvist M. Simulation-based VR
training for the nuclear sector—a pilot study. Sustain For. (2022) 14:7984. doi:
10.3390/su14137984

66. Hao TFE, Xue, ], Zhao, YQ, Li, XY, Yang, YH. Research on the application of virtual
reality technology in power grid emergency drill. Sci Technol Innov. (2017) 19:153-7.
doi: 10.15913/j.cnki.kjycx.2017.19.153

67.Lee D, Lee, H, Lee, B, Lee, U. Development of virtual reality-based radiological
emergency exercise system. J Radiol Med Imaging. (2022) 3:1022.

68.Taubert M, Webber L, Hamilton T, Carr M, Harvey M. Virtual reality
videos used in undergraduate palliative and oncology medical teaching: results
of a pilot study. BMJ Support Palliat Care. (2019) 9:281-5. doi: 10.1136/
bmjspcare-2018-001720

69. Buddemeier B, Levin R, Musolino SV, Pasquale D, Schoch-Spana M. How prepared
are the public and responders for nuclear terrorism? Health Phys. (2018) 114:153-7. doi:
10.1097/HP.0000000000000747

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1410722
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1002/ccd.22670
https://doi.org/10.1002/stem.690
https://doi.org/10.1016/j.soncn.2011.02.009
https://doi.org/10.2147/BCTT.S149752
https://doi.org/10.1177/1559325818799951
https://doi.org/10.1016/0002-9343(52)90285-4
https://doi.org/10.1667/RR15358.1
https://doi.org/10.1111/aos.13734
https://doi.org/10.1016/j.jen.2020.06.002
https://doi.org/10.1017/dmp.2021.348
https://doi.org/10.1017/S1481803500011386
https://doi.org/10.1017/S1049023X00004908
https://doi.org/10.1017/dmp.2018.168
https://doi.org/10.1097/HP.0000000000000997
https://doi.org/10.1097/00124784-200511001-00012
https://doi.org/10.1097/DMP.0b013e31818a2b7a
https://doi.org/10.1667/RR2014.1
http://www.iaea.org/publications/11102/radiation-protection-and-safety-in-medical-uses-of-ionizing-radiation
http://www.iaea.org/publications/11102/radiation-protection-and-safety-in-medical-uses-of-ionizing-radiation
https://doi.org/10.1097/TME.0000000000000058
https://doi.org/10.1016/S0196-0644(80)80063-1
https://doi.org/10.1016/j.jacr.2012.08.001
https://doi.org/10.1016/j.jradnu.2006.10.003
https://doi.org/10.5055/jem.2015.0253
https://doi.org/10.5055/jem.2015.0253
https://doi.org/10.1016/j.outlook.2018.10.005
https://doi.org/10.2967/jnmt.113.124677
https://doi.org/10.1017/dmp.2019.147
https://doi.org/10.1016/j.ics.2006.10.014
https://doi.org/10.1111/jnu.12425
https://doi.org/10.1016/j.nedt.2021.104809
https://doi.org/10.1111/jnu.12339
https://doi.org/10.1097/00006223-200311000-00010
https://doi.org/10.1097/SIH.0000000000000173
https://doi.org/10.1097/SIH.0000000000000173
https://doi.org/10.1097/HP.0000000000000093
https://doi.org/10.1097/HP.0000000000000093
https://doi.org/10.1089/hs.2019.0086
https://doi.org/10.1089/hs.2019.0086
https://doi.org/10.3390/su14137984
https://doi.org/10.15913/j.cnki.kjycx.2017.19.153
https://doi.org/10.1136/bmjspcare-2018-001720
https://doi.org/10.1136/bmjspcare-2018-001720
https://doi.org/10.1097/HP.0000000000000747

	Awareness and preparedness level of medical workers for radiation and nuclear emergency response
	1 Introduction
	2 Medical personnel’s awareness of radiation and nuclear exposure risks
	2.1 Basic concepts of radiation and nuclear exposure (sources and types of radiation and nuclear exposure)
	2.2 Exposure status of medical personnel: changes in occupational exposure dose status and hazards
	2.3 Principles of radiation protection
	2.4 Popularity and acceptability of protective measures for healthcare professionals

	3 Knowledge of emergency response and willingness to participate
	3.1 Popularization and assessment of healthcare personnel’s knowledge of emergency response and rescue
	3.2 The willingness of healthcare workers to participate in emergency response and influencing factors

	4 Current status of skills and technology
	4.1 Current radiological and nuclear incident skill requirements for healthcare personnel
	4.2 Analysis of the current status of skills and technology of healthcare personnel

	5 Status and development of nuclear emergency response training courses
	5.1 Status and comparison of existing nuclear emergency response training courses
	5.2 Exploration of nuclear emergency response training courses

	6 Conclusion
	Author contributions

	References

